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Systems and Methods for Integrating Light 



BACKGROUND 

[0001] Optical devices, including light sources, are widely used in 
many forms of technology. For example, such optical devices may be used in 
information transmission, display applications, medical procedures, and a wide 
variety of other applications. Optical sources used in these and other 
applications include, for example, lasers, laser diodes, arc lamps, light emitting 
diodes ("LEDs"), incandescent light bulbs, etc. 

[0002] In order to more effectively apply optical devices to current 
technology, it is sometimes desired to increase the brightness of an optical 
source. Due to physical limitations, optical devices may lack the intensity 
needed for a specific application or to meet various performance standards. In 
such cases, light from multiple optical sources may be used to achieve the total 
brightness needed. However, it has been difficult to uniformly blend the light 
from multiple sources to result in a uniform light beam suitable to a particular 
application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The accompanying drawings illustrate various embodiments of 
the present invention and are a part of the specification. The illustrated 
embodiments are merely examples of the present invention and do not limit the 
scope of the invention. 

[0004] Fig. 1 illustrates a system according to principles described 
herein in which light from two light sources is integrated. 
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[0005] Fig. 2 illustrates a system according to principles described 
herein in which light from a number of light sources is integrated. 

[0006] Fig. 3 illustrates a system according to principles described 
herein in which light from a number of light sources is integrated using a solid 
integration rod. 

[0007] Fig. 4 is another illustration of the integration rod of Fig. 3. 

[0008] Fig. 5 illustrates another system according to principles 
described herein in which light from two different sets of multiple sources is 
integrated. 

[0009] Fig. 6 illustrates another system according to principles 
described herein in which light from multiple light sources is integrated. 

[0010] Fig. 7 illustrates a system in which color correction to a light 
source is effected by integrating the light of a second colored light source. 

[0011] Throughout the drawings, identical reference numbers 
designate similar, but not necessarily identical, elements. 

DETAILED DESCRIPTION 

[0012] As will be described herein, a Total Internal Reflection (TIR) 
prism can be used to integrate the light from two or more optical sources. 
Multiple TIR prisms can be stacked and mated into a light integrating rod for 
combining the light from multiple optical sources. The resulting light beam is a 
uniform blending of the light from the various optical sources used. Additionally, 
a TIR prism can be used to combine light from two differently colored light 
sources to correct a color deficiency in one of the sources or to provide a 
particular frequency range in the resulting output beam. 

[0013] Fig. 1 illustrates a system according to principles described 
herein in which light from two light sources is integrated. As shown in Fig. 1, a 
TIR prism (120) is used to collect and combine light from two different optical 
sources (111,112). The optical sources (111,112) may be any kind of optical 
source including, but not limited to, lasers, laser diodes, arc lamps, light emitting 
diodes ("LEDs"), incandescent light bulbs, etc. The optical sources (111,112) 
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may be the same type of optical source or may be different types of optical 
sources. The optical sources (111, 112) may have the same or different 
wavelengths. 

[0014] Light from a first optical source (111) enters through a first face 
(122) of the prism (120). Light from the second optical source (112) enters 
through the base (123) of the prism (120). The prism (120) internally reflects 
and, consequently, blends the light from the two sources (111, 112). The 
blended light from the two sources (111, 112) exits from a second face (124) of 
the prism (120). Light will be totally internally reflected whenever an incident 
ray of light enters an air glass interface from the glass side at an angle greater 
than the critical angle [defined by (sin" 1 (1/n)) where n is the refractive index of 
the glass at the wavelength of the given ray of light] with the normal to the 
interface. 

[0015] In some embodiments, the first face (122) of the prism (120) 
makes an angle a of 45° with respect to the base (123). The second face (124) 
makes an angle 3 of 120° with respect to the base (123). The total internal 
reflection takes places at the first face (122) as shown in Fig. 1 . It is important 
that the second wall is tilted appropriately so that the light does not bend 
towards the base too rapidly and leak out of the system. 

[0016] The light from either or both sources (111, 112) may be 
collimated, but collimation is not required. This is true of all embodiments 
described. The two light sources (111,112) can be the same color so as to 
produce a more intense light beam than either source produces alone. 
Alternatively, the two light sources (1 1 1 , 1 12) can be two different colors or 
wavelengths so as to produce an output light beam that blends the wavelengths 
of the two sources (111,112). In any case, the prism (1 20) does not require 
any dichroic coating. 

[0017] The light exiting from the prism (120) is then directed through a 
light integrating device (121). The light integrating device (121) is optically 
coupled to the TIR prism (120) and further blends or homogenizes light exiting 
from the prism (120) to produce light that is more spatially uniform. In one 
embodiment, the light integrating device may be a light integrating tunnel with 
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inner sides coated for a broadband refection. The tunnel may have a 
rectangular cross-section taken, for example, along line (126). The tunnel may 
also have a rectangular aperture. In another embodiment, the device (121) 
may be a solid rod or light pipe. In another embodiment, the integrating device 
(121) may be a fly's eye type condenser lens system. The light integrating 
device (121) collects the light from the prism (120) and homogenizes the light 
through multiple reflections. Consequently, the light exiting the device (121) is 
spatially uniform. As shown in Fig. 1, the light integrating device (121) may have 
an angled face coupled to the prism (120), but this is not necessarily so. 

[0018] The light from the system shown in Fig. 1 can then be used in 
a wide variety of applications. For example, the resulting light beam can be 
collected by a condenser lens for projection on to a light modulating device. 

[0019] Fig. 2 illustrates a system according to principles described 
herein, in which light from a number of light sources is integrated. As shown in 
Fig. 2, any number of TIR prisms (120) may be stacked or optically coupled 
along an optical axis (125). 

[0020] A first light source (1 1 1) emits light along the optical axis (125) 
of the system. The light from the first source (1 1 1 ) is directed through the stack 
of TIR prisms (120) and, in some embodiments, into a light integrating device 
(121). 

[0021] A number of additional light sources (112) may be respectively 
associated with the TIR prisms (120). Each additional light source (112) 
provides light that enters a TIR prism (120) at an angle, in some cases a right 
angle, to the optical axis (125) of the system. 

[0022] The TIR prisms (120) redirect the light of the additional 
sources (1 12) along the optical axis (125) of the system and blend the light from 
all sources (111,112) together. In some embodiments, the resulting light beam 
may be further homogenized by the light integrating device (121 ). 

[0023] The light sources can be staggered or tilted to ensure 
increased coupling. The TIR prisms can be easily mass manufactured using 
molded glass. To put the array of TIR prisms together, the prisms can be 
mounted with an adhesive on a glass plate (127) that is coated with aluminum 
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for a broad band high reflection. The aluminum coating can be opened or 
removed at places where a port is required to accept light from an LED. 

[0024] The TIR interface, or the surface of the TIR prism that allows 
light to exit along the optical axis (125), may have a special coating that allows 
light transmission at a wide range of angles across the air-glass interface when 
the light enters from air into glass. This coating may consist of a stack of about 
8 layers from two different materials designed to perform as an antireflection 
coating at high angles of incidence. Those surfaces of the TIR prism that lie 
along the optical axis may have a strong anti-reflective coating to maximize the 
collection efficiency at the light integrating device (121). Other surfaces of the 
TIR prism can have an aluminized coating for a broadband reflection of light to 
minimize the beam walkover outside the light integrating device made up of TIR 
prisms. 

[0025] The resulting system provides a number of advantages. The 
system is relatively easy to align and has high tolerances. With this system, low 
intensity light sources, such as LEDs, for example, can be combined to produce 
a beam of sufficient intensity for applications requiring a relatively bright light, 
such as a projector. The various light sources can be modulated independently 
and a variety of automatic color mixing schemes can be implemented easily, 
thus allowing for the elimination of a color wheel, if desired. 

[0026] Fig. 3 illustrates a system according to principles described 
herein in which light from a number of light sources is integrated using a solid 
integration rod. As shown in Fig. 3, the light integrating rod (100) may be 
formed by mating a number of optical elements (101-104) to form a stack of TIR 
prisms along an optical axis. It needs to be noted Fig. 3 and the subsequent 
Figures are conceptual drawings in certain respects. As shown in Fig. 2, 
between any two prisms there is a wedge shaped air-gap that is not illustrated 
in Fig. 3 and subsequent drawings. In fact, the optical element (128) adjacent 
the light source (1 1 1 ) in Fig. 2 is used to allow an appropriate air-gap before the 
first TIR prism (120). The wedge-shaped air-gap and a strong anti-reflection 
coating at the air/glass interface minimize the bending of the beam towards the 
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prism base and also reduces total internal reflections for a beam that is 
supposed to travel along the optical axis without any further reflections. 

[0027] As shown in Fig. 3, the first optical element (101 ) is a block 
having a flat or vertical face (109) on one side and an angled face opposite. 
This first element (101) is mated with a second optical element (102). The 
second optical element (102) has the profile of a parallelogram with an angled 
face on both ends. One angled face of the second element (102) mates with 
the angled face of the first element (1 01 ). This interface of the first and second 
optical elements (101, 102) forms a first TIR prism (106). Similarly, a third 
optical element (103) with angled faces on both ends mates with the other end 
of the second optical element (102) to form a second TIR prism (107). 

[0028] The fourth optical element (1 04) is similar to the first optical 
element (101), but inverted. The fourth element (104) has an angled face that 
mates with the other angled face of the third element (103) to form a third TIR 
prism (1 08). The other face (1 1 0) of the fourth element (1 04) may be vertical or 
flat and transmits light from the rod (100) to, for example, a light integrating 
device or tunnel, light modulator or other optical device. 

[0029] It will be understood that any number of additional optical 
elements could be added to the rod (100) so as to provide any number of 
desired TIR prisms within the light integrating rod (100). The number of TIR 
prisms formed corresponds to the number of light sources from which light is to 
be integrated or blended by the rod (100). 

[0030] As shown in Fig. 3, a first light source (111) generates a light 
beam (118). The light beam (118) is directed into the rod (100) through the 
surface (109) of the first optical element (101). The light beam (118) then 
propagates along the optical axis of the rod (111) and exits from the opposite 
end surface (110). The light source (1 1 1) may be, for example, a white light 
source. 

[0031] Three other light sources (112-114) are disposed along the 
length of the rod (100). The positions of these light sources (112-114) 
correspond to the TIR prisms (106-108) in the rod (100). In one embodiment, 
the three light sources (112-114) may be red, green and blue light sources, 
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respectively. As above, the light from any given source may or may not be 
collimated. 

[0032] Moving from left to right in Fig. 3, the next light source (112) 
emits a light beam (115) that enters a face of the second optical element (102) 
and is reflected along the optical axis of the rod (100) by the TIR prism (106) 
formed at the intersection of the first and second optical elements (101, 102). 
The light from this source (112) is consequently blended or integrated with the 
light from the first light source (111). 

[0033] Similarly, the next light source (1 1 3) emits a light beam (1 1 6) 
that enters a face of the third optical element (103) and is reflected along the 
optical axis of the rod (100) by the TIR prism (107) formed at the intersection of 
the second and third optical elements (102, 103). The light from this source 

(113) is consequently blended or integrated with the light from the preceding 
light sources (111,112). 

[0034] Similarly, the next light source (1 14) emits a light beam (117) 
that enters a face of the fourth optical element (104) and is reflected along the 
optical axis of the rod (100) by the TIR prism (108) formed at the intersection of 
the third and fourth optical elements (103, 104). The light from this source 

(1 14) is consequently blended or integrated with the light from the preceding 
light sources (111-113). 

[0035] As a result, an integrated light beam (119) is emitted from the 
end surface (1 1 0) of the light integrating rod (1 00). This beam (1 1 9) is an 
integration of the light from all the light sources (111-114) disposed along the 
rod (100). As indicated, the embodiment of Fig. 3 is merely one example. Any 
number of optical elements may be used, any number of TIR prisms formed 
and any number of light sources integrated using a light integrating rod 
according to the principles described herein. Additionally, the lights integrated 
may be of the same or different wavelengths, as described, and may or may not 
be collimated. 

[0036] Fig. 4 is another illustration of the integration rod of Fig. 3. As 
shown in Fig. 4, the angled surfaces of the various optical elements may have 
different angles. 
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[0037] For example, the angle of the first TIR prism (106) (i.e., the 
interface of the first and second optical elements) may be a first angle 9-j with 
respect to vertical or the first face (109) of the rod (100). The second TIR prism 
(107) (i.e., the interface of the second and third optical elements) may be at a 
second, steeper angle 8 2 with respect to vertical or the first face (109) of the rod 
(100). The third TIR prism (108) (i.e., the interface of the third and fourth optical 
elements) may be at a third and still steeper angle 0 3 with respect to vertical or 
the first face (109) of the rod (100). The light sources are angled/tilted 
appropriately to allow for maximum light propagation along the optical axis. 

[0038] If the angling of the TIR prisms (106-108) is progressively 
steeper, it will help prevent light from the previous light sources along the rod 
(100) from being reflected out of the rod (100). Thus, the maximum light output 
at the exit end (110) of the rod (100) is achieved. 

[0039] Other system configurations based on the principles disclosed 
herein can achieve the integration of light from an even larger number of light 
sources along the same length of light integrating rod. For example, Fig. 5 
illustrates another system in which light from two different sets of multiple 
sources is integrated. 

[0040] In some respects, the embodiment of Fig. 5 is similar to that of 
Figs. 3 and 4. Four optical elements are integrated to form a light integrating 
rod (150). Within the rod (150) are three TIR prisms (106-108). As before, the 
prisms (106-108) are formed at the interfaces of the various optical elements. 
Also, as above, the number of optical elements in any given embodiment may 
be larger or smaller than illustrated in Fig. 5 depending on the number of light 
sources from which light is being integrated and the corresponding number of 
TIR prisms needed. 

[0041] In the embodiment of Fig. 5, a first set of light sources (1 12- 
114) is positioned above the light integrating rod (150) in correspondence with 
the TIR prisms (106-108) in the rod (150). These light sources (112-114) emit 
light downward into the light integrating rod (150). These beams of light (115- 
117) are reflected by respective TIR prisms (106-108). The prisms (106-108) 
redirect the light beams (1 1 5-1 1 7) along the optical axis of the light integrating 
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rod (150) toward an exit surface (110) of the rod (150). Additionally, the TIR 
prisms (106-108) blend the light from the various sources (112-1 14) to produce 
an integrated beam. As above, the exit surface (110) allows an integrated light 
beam (158) to be emitted from the rod (150) to, for example, a light integrating 
tunnel or device, light modulator or other optical device. 

[0042] In addition, a second set of light sources (1 52-1 54) is 
positioned beneath the light integrated rod (150) in correspondence with the 
TIR prisms (106-108) of the rod (150). These light sources (152-154) emit light 
upward into the light integrating rod (150). These beams of light (155-157) are 
reflected by respective TIR prisms (106-108). The prisms (106-108) redirect 
theses light beams (155-157) along the optical axis of the light integrating rod 
(150) toward a rear surface (151) and away from the exit surface (110) of the 
rod (150). Additionally, the TIR prisms (106-108) blend the light from the 
various sources (152-154) to produce an integrated beam. 

[0043] The rear surface (1 51 ) of the light integrating rod (1 50) is a 
reflector. For example, the rear surface (151) may be covered with a reflective 
coating. Consequently, the rear surface (1 51 ) reflects the light (1 55-1 57) from 
the lower set of light sources (1 52-1 54). The reflected light (1 55-1 57) then 
passes along the optical axis of the rod (150), through the TIR prisms (106-108) 
to the exit surface (110) of the rod (150). 

[0044] Consequently, the beam (158) emitted by the rod (150) is an 
integration of the light from all the light sources (112-114, 152-154) of both the 
upper and lower sets. As above, the light from any given source may or may 
not be collimated. 

[0045] Fig. 6 illustrates another system according to principles 
described herein in which light from multiple light sources is integrated. The 
embodiment of Fig. 6 is similar in some respects to the embodiment of Figs. 3 
and 4. As described above, a light integrating rod (160) includes a number of 
interfaced optical elements (101-104) that form a number of TIR prisms (106- 
108) at the interfaces between optical elements. 

[0046] Additionally, as shown in Fig. 6, a corresponding number of 
additional TIR prisms (167-169) are provided. Each of these additional TIR 
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prisms (167-169) is optically coupled with a respective TIR prism (106-108) in 
the rod (160). 

[0047] A first set of light sources (1 64-1 66) is disposed above, and in 
correspondence with, the additional TIR prisms (167-169). Each light of this 
first set of light sources (164-166) emits a beam of light downward through an 
additional TIR prism (167-169). The light is then reflected forward by the lower 
set of TIR prisms (106-108) along the optical axis of the rod (160) toward an 
exit surface (110) of the rod (160). Additionally, the TIR prisms (106-108) blend 
the light from the first set of sources (164-166). 

[0048] A second set of light sources (161-163) are arranged in 
correspondence with the additional TIR prisms (167-169). Each of the second 
set of light sources (161-163) emits light into a side face of one of the additional 
TIR prisms (167-169). This light is redirected by the upper TIR prisms (167- 
169) downward to a respective TIR prism (106-108) in the rod (160). As before, 
this light is then reflected forward by the lower set of TIR prisms (106-108) 
along the optical axis of the rod (160) toward an exit surface (110) of the rod 
(160). Additionally, the TIR prisms (106-108) blend the light from the second set 
of sources (161-163) as well as the light from the first set of sources (165-166). 

[0049] The result is a beam of light (180), which is an integration of 
the light from all the various sources (161-166) that are optically coupled to the 
rod (160). As above, the exit surface (110) allows the integrated light beam 
(180) to be emitted from the rod (160) to, for example, a light integrating tunnel 
or device, light modulator or other optical device. 

[0050] As above, the light from any given source may or may not be 
collimated. In alternative embodiments, any number of optical elements may be 
used, any number of TIR prisms formed and any number of light sources 
integrated using a light integrating rod according to the principles described. 

[0051] Fig. 7 illustrates a system in which color correction to a light 
source is effected by integrating the light of a second colored light source. Fig. 
7 illustrates an Ultra High Pressure or Performance (UHP) lamp (170) that might 
be used in, for example, a projection system. UHP projection lamps are often 
metal halide lamps, such as mercury vapor. Depending on the chemistry of a 
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particular lamp, the lamp may be color-deficient over a certain portion of the 
visible spectrum. 

[0052] For example, some UHP lamps have a relatively low intensity 
over the red portion of the visible frequency spectrum. Consequently, additional 
red light can be added to the light output by the projection lamp (170) to 
compensate for the red color deficiency of the projection lamp (170). As shown 
in Fig. 7, the light (172) output by the projection lamp (170) passes through a 
TIR prism (174) that is disposed along the optical axis of the projection lamp 
(170). 

[0053] Additionally, a red light source (171) is disposed at the TIR 
prism (174) and emits a beam of red light (173) into the TIR prism (174). The 
prism (174) redirects the red light (173) from the red light source (171) along the 
optical axis of the projection lamp (170). Additionally, the TIR prism (174) 
blends or integrates the red light (173) with the red-deficient light (172) output 
by the lamp (170). Consequently, the resulting output light beam (175) may 
have roughly equal intensity over the frequencies of the visible spectrum. 

[0054] As will be appreciated by those skilled in the art, the 
techniques described herein can be applied to any system in which a light is 
deficient in one or more color components and it would be advantageous to add 
those color components to the light. The emerging light beam (175) may then 
be transmitted to projection optics, a light modulator, a light integrating tunnel, 
or device or any other optical device. 

[0055] The preceding description has been presented only to illustrate 
and describe embodiments of the invention. It is not intended to be exhaustive 
or to limit the invention to any precise form disclosed. Many modifications and 
variations are possible in light of the above teaching. It is intended that the 
scope of the invention be defined by the following claims. 
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